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 ??????: openFrameworks 0.7.4









































?????? 2???,???????????? (???????)???. ??
4.2 ?????? 34






???? S250e??? 250FPS?????????? IR??????,????
??TrackingTools??????????, UDP??? 250FPS????????
???????????. ????????? NatNet SDK?????????
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?????????? 6= 0?????????? (X;Y; Z)? (?X;?Y;?Z)
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??????????. ???????????????????? (X, Y, Z)?
??. ??,????????????????,???????????????
???????, ??????????????? x?? y?????. ????
??????????????? (u, v)???. ???,???????????
????? f????, ?????X(X, Y, Z)?????m(u, v)???????
???????,? (4.3)????????.
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~m  A ~X (4.5)
???,A?? (4.6)???? 3? 4??????.
A =
266666664
f 0 cx 0
0 f cy 0
0 0 1 0
377777775
(4.6)
??,???????????????????????? (Xw; Yw; Zw)???
???, ???????? (X; Y; Z)???????? (XW ; YW ; ZW )?????
(4.7)????????.
~X M ~XW (4.7)
???,M ???????????????????????????????
??, 3? 3?????R????????????? t???????? (4.8)?
??? 4? 4??????.
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r11 r12 r13 t1
r21 r22 r23 t2
r31 r32 r33 t3
0 0 0 1
37777777777775
(4.8)
???,? (4.5)?? (4.7)??,?????????????????? (4.9)?
??????.
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266666664
p11 p12 p13 p14
p21 p22 p23 p24











p11 p12 p13 p14
p21 p22 p23 p24









????,???? (u, v)?? (4.12)???.
u =
p11XW + p12YW + p13ZW + p14
p31XW + p32YW + p33ZW + p34
v =
p21XW + p22YW + p23ZW + p24
p31XW + p32YW + p33ZW + p34
(4.12)
? (4.12)???????????????????,???????????P
????????????. ???,?????????????P ??? p34?
p34 = 1???,??????????????????.
XWp11 + YWp12 + ZWp13 + p14   uXWp31   uYWp32   uZWp33 = u
XWp21 + YWp22 + ZWp23 + p24   vXWp31   vYWp32   vZWp33 = v
(4.13)
???,?????? (XW ; YW ; ZW )??????? (u; v)??????,? (4.13)
???? P ???????????????????. ??????? 11?
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(p11; p12;    ; p33)???,????????? (XW ; YW ; ZW ; u; v)? 6?????
??????????.
??????????????????????? P ??????,12 ?
????????????????????????. ???????
(XW1; YW1; ZW1; u1; v1),(XW2; YW2; ZW2; u2; v2),   ,(XW12; YW12; ZW12; u12; v12) ?
?, ? (4.13)????????????? (4.14)??????.
266666666666666664
XW1 YW1 ZW1 1 0 0 0 0  u1XW1  u1YW1  u1ZW1
0 0 0 0 XW1 YW1 ZW1 1  v1XW1  v1YW1  v1ZW1
XW2 YW2 ZW2 1 0 0 0 0  u2XW2  u2YW2  u2ZW2



























Bp = q (4.15)
???,????p???????????????????P ???????
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??, ??????????? (4.16)?????.
p = (BTB)BTq (4.16)
4.4.4 ???????????,???????
? (4.6)??? f; cx; cy ????????????????,????????
????????. ??,? (4.8)??? r11; r12; r13; r21; r22; r23; r31; r32; r33; t1; t2; t3
?????????????????????????????????,???
?????????????.
??????????????????? P ?????????????, ?
???????????????????????????????? P ? RQ
????????????????.
RQ????????????????????????????????. ??
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r11 r12 r13 t1
r21 r22 r23 t2










 ???????XW ? ????????????? XM
 ??????X ? ?????????XP
??????????????.
???,?????????????P ???????????, ? 4.9???
??????????????XM ????????????????????
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? 4.9: ???????????????????????????
? 4.10: ???????????????????
??????????XP ???, ? 4.10?????????????XP ??
????????????????????????m???.
???????????????????????P??????, 12?????
??? (XM ; YM ; ZM ; u; v)?????????????????. ??,12???
???????????,? 4.11???????? (u1; v1),(u2; v2),   , (u12; v12)
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? 1 ?????????????????????????. ??, ????
????????????????????????????????????
(XM1; YM1; ZM1), (XM2; YM2; ZM2),    , (XM12; YM12; ZM12)?????. ???,
?????????????????????????????????????
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P =
266666664
0:434409  0:003962  0:084355 0:312731
0:001623  0:427604  0:172805 0:702599














0:998759  0:015351 0:047372  0:176344
 0:014188  0:999591  0:024794 0:521118
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?????????????????????D,???????????? f,



































2 + _pkT + pk (4.24)
???,p???, _p???,p??????? 3??????,T ???????
?. k??????????????,? (4.24)????? k+1????????
?? k???????????????. ?? p? k?????????????
?, ?? _p??,k-1??????????????, ??? p? k,k-1,k-2????
????????????.
???????????????????????????????????
????, ???? (y?)?????????? g  9:8??, ???? (x?,y?)
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?????
 ?????: ????????? (? (4.24))














? 4.16?????T ??????? (4.24)??????????, ?????
????????????????????.
? 4.16(?)?T = 0ms??????. ?????????????????
???????????????????. 2????????????????
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? 4.16(?)?T = 100ms??????. ????????????????





????????????????. ????????T = 56ms?T = 100ms
???????????,????????T ??????. ????????
??????????????????? 1mm????????????, ??
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x k = Fxk 1 +wk (4.25)
???,F ???????,wk???????????.
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k  Hkx k ) (4.28)
Pk = (I  KkHk)P k (4.29)
???,??? z?? (4.30)?????.
zk =Hkxk + vk (4.30)
???,vk?????????.
????,??? (4.25)????,???? k-1????xk 1???????F
??????????, ?? k?????? x k ?????. ??? (4.27)???
?,?? x k 1?????H ???????????????, ????????
?????????????????????????, ?? k???? xk??
???????.
??,??????? (4.26)????,?????????? P k ??????
?F ???????????????Qk 1???????,?????????
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pk = (Xk; Yk; Zk) (4.31)
????,?????????,?? (??????),??? (??????)??
??,???????? (4.32)???.
xk = (Xk; Yk; Zk; _Xk; _Yk; _Zk; Xk; Yk; Zk) (4.32)
???????????????????????????? 4.33???.
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1 0 0 t 0 0 1
2
(t)2 0 0
0 1 0 0 t 0 0 1
2
(t)2 0
0 0 1 0 0 t 0 0 1
2
(t)2
0 0 0 1 0 0 t 0 0
0 0 0 0 1 0 0 t 0
0 0 0 0 0 1 0 0 t
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0


























????t????????????????? FPS? 250FPS???t =




1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0




???? (4.35)???????. ?????????????????? 2???
????????????? _X0????, ???????????? ( Xk; Zk)?
? 0,???? ( Yk)??????? g  9:8???, ??????????????
????X0????.
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x0 = (Xk; Yk; Zk; _Xk; _Yk; _Zk; Xk; Yk; Zk)









































 ???????? + ?????
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? 4cm????????????. ? 5.8(?)???????????????
??????????????????????. ? 5.8(?)?????????
?????,50??????.
? 5.9,? 5.10??????????????????????????, ??
?????? 12????? (4cm)???????????? 12frame?????
?. ?????????????? (??)?????????????????
????????. 1?????? 4???????????????????,5
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? 6.1: ??????
 ?????,SDK: OpenCV 2.4, OpenGL 4, NatNet SDK 2.5, Eigen 3.1.4
?????
 ?????: ????????? (? (4.24))











???? 100%,???????????????????? 0%, ???????
???????????????????? 50%???.
6.2 ???? 77

















??? nFrame????????????????????. ?????? 6.3(?)
????????????,??????????????? (??)?????.
??????????????? 6.3(?)?????? 50 %????????.
?????????????????????? 6.2???. ????????
???,?????????????????????? nFrame?? for????
??. for????? 1????????????????????????. ?
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??????? 5.1?? 5.2???? 100????????, ????????
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???. ?????????????????,????????? + ??????
???????? - ????????????. ??????? [%],??????
?? [frame]???,?? (??)??????????? + ?????????,
?? (?????)?????????????????. ???????????
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7.2 ??????????????
????????????
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??? (??????)???????????????. ???? p(xtjYt 1)
??????????????? Stjt 1 = fs1tjt 1; s2tjt 1;    ; sNtjt 1g, ???
? p(xtjYt)???????????????Stjt = fs1tjt; s2tjt;    ; sNtjtg???.















[xt   S(i)tjt ] (7.2)
???,(?)??????????????.
7.3 ?????????? 88





i = 1; 2;    ; N ???????? si0j0 p0(x)?????. ???,p0(x)
????????????????. ??? t = 1????????
??.
2. ??




i = 1; 2;    ; N ????,l??????????????? v(i) q(v)
7.3 ?????????? 89





















i=1 p[ytjxt = s(i)tjt 1]
(7.4)
p[ytjxt = s(i)tjt 1]?,??xt? s(i)tjt 1???????, ??? yt????
????,????? ht????????.
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4. ???????
Stjt 1 = fs1tjt 1; s2tjt 1;    ; sNtjt 1g?????? s(i)tjt 1??? (i)t ???
?????N??????, Stjt = fs1tjt; s2tjt;    ; sNtjtg???.





Xk = (Xk; Yk; Zk) (7.5)
????,?????????,?? (??????),??? (??????)??
??,???????? (7.6)???.
xk = (Xk; Yk; Zk; _Xk; _Yk; _Zk; Xk; Yk; Zk) (7.6)
?????????????????????????????? 7.7???.
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266666666666666666666666666666666664
1 0 0 t 0 0 1
2
(t)2 0 0
0 1 0 0 t 0 0 1
2
(t)2 0
0 0 1 0 0 t 0 0 1
2
(t)2
0 0 0 1 0 0 t 0 0
0 0 0 0 1 0 0 t 0
0 0 0 0 0 1 0 0 t
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1
377777777777777777777777777777777775
(7.7)
















Y i0 ; Z
i
0)
= (Xlower Xupper; Ylower Yupper; Zlower Zupper; 0; 0; 0; 0; 0; 0)
(i = 0;    ; N)
(7.8)
???,Xlower Xupper; Ylower Yupper; Zlower Zupper ? x?,y?,z????????
?, ???????????????????????????????.
?????????????????????X 0k ????????????
Xk??????????. ????????? d?? (7.9)???.
d(i) =
q
(Xk  X 0k)2 + (Yk   Y 0k)2 + (Zk   Z 0k)2 (7.9)
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 ???: NaturalPoint OptiTrack S250e 250FPS ? 6
 PC: Lenovo ThinkPad T530, Intel Core i7 2.9GHz, 8GB RAM, Win-
dows7
??????
 ??????????: NaturalPoint OptiTrack TrackingTools 2.5.3
 ??????: openFrameworks 0.7.4
 ?????,SDK: OpenCV 2.4, OpenGL 4, NatNet SDK 2.5, Eigen 3.1.4
?????
 ???????: 500?




?. ???? 500?? 20FPS=10000?/s??????????????????
?????????.
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